Summary &horbar; The activity levels of hepatic and renal D -amino acid oxidase (EC 1.4.3.3), a key enzyme for D -amino acid utilization in mammals, were determined in growing rats after a 10 day period of protein undernutrition and subsequent refeeding. Reducing the protein intake for 10 days (3% casein diet) resulted in an 8% loss of the animals' mean body weight and a 50% decrease in the mean size of the liver and kidney as compared to the control animals fed on a 22% casein diet during the same period. When the undernourished rats were refed with the normal protein diet, their weight increased about four fold as compared with that of the control animals, and after a ten day period of refeeding, the lost body and tissue weights were completely recovered. As far as the specific activity of D -amino acid oxidase was concerned, a 44% reduction took place in the liver of rats subjected to protein undernutrition for 10 days. During the period of refeeding, however, the enzyme activity level increased slowly in comparison with the overall hepatic protein level, since its specific activity on day 10 was still 28% below that of the control rats. In sharp contrast, no significant change in the kidney enzyme level was observed throughout these nutritional manipulations. This 
INTRODUCTION
The biological utilization of dietary D -amino acids in mammals depends mainly on the presence of D -amino acid oxidase ( D -AAOX, EC 1.4.3.3) in several tissues (Baker, 1986) . D -AAOX is a flavoenzyme which catalyzes the oxidative deamination of most of the neutral D -amino acids to the corresponding a-keto acids. Although enzymatic activity of this kind has long been known to occur in mammalian tissues (Krebs, 1935) , the enzyme has only quite recently been purified and crystallized, mainly from pig kidney, and its enzymic and physico-chemical properties well documented (Bright and Porter, 1975; Ronchi et al, 1982; Fukui et al, 1988; Pollegioni et al, 1994) . The question concerning the physiological role of D -AAOX remains to be determined, however, since as far as we know, no biosynthetic pathway for neutral D -amino acids has yet been found to exist in a variety of mammalian tissues. In addition, the alternative proposal that D -AAOX might have substrates other than Damino acids (Hamilton, 1985) has so far not been substantiated at either the physiological or the biochemical levels.
Protein deprivation is known to markedly affect the specific activity of a number of enzymes involved in the catabolism of amino acids in both the liver and kidney of the growing rat (Freedlang and Szepesi, 1971 (Lardy and Feldott, 1950; Hoch-Ligeti, 1953) , whereas in the studies by Vanderlinde and Westerfeld (1950) Assay to determine n-AAOX specific activity o-AAOX activity was determined spectrophotometrically by a modified version of the method described by Nagata et al (1988 
Statistical analysis
The results were expressed as means with their standard deviations. Statistical significance was assessed using the Student's t-test for unpaired data. The differences were taken to be significant at P < 0.05.
RESULTS
Food intake and weight determinations Significant differences were observed in feed intake between the animals fed on the experimental diet and those in the two control groups. The individual daily food intake ranged from 10 to 17 g in the former group and from 15 to 20 g in the other two groups, and amounted to 20-26 g when the control diet was resumed.
The changes which were observed in the body weights of the rats fed on the experimental diet (protein undernutrition conditions) for a 10 day period and the subsequent refeeding periods are shown in table II. Consumption of the low-protein, low-fat diet put an immediate stop to the animal's growth. This was followed by substantial weight loss and eventually by a relative constant weight on the third or fourth day. The final mean weight of the rats (N = 40) that were given the low-protein diet for 10 days was only 92 ± 3% of their initial weight and 53 ± 2% of that of the animals fed on the control diet during the same period (N 5). A rapid weight gain (eg, 13 ± 1 g/rat after the first day) was observed after the readministration of the control diet to the undernourished rats. On the last day of the refeeding period (tenth day), their average body weight was only 6.8% lower than that of the control rats (173.4 ± 12.5 g), which had been fed on the 22% casein diet for 20 days. The difference between these two groups was not found to be significant at that time. It is worth mentioning that during the refeeding period, the daily weight gain of the experimental animals (9.1 ± 1.9 g) was almost four times that of the controls (2.5 ± 0.3 g).
Compared to the control nutrition conditions, feeding on the low-protein, low-fat diet for 10 days resulted in a 50% decrease in the weights of both the liver (fig 1) and the kidney (fig 2) (Lang, 1947; Lardy and Feldott, 1950; Hoch-Ligeti, 1953 (Mochizuki et ai, 1976; Sun and Cederbaum, 1980) . These observations could explain the slow resumptions of the enzyme activity observed in the refed animals.
Comparisons between the composition of the low-protein diet and that of the control diet suggest that the observed changes in D -AAOX activity might not have resulted simply from the reduced protein substrate availability, since increasing the starch content or decreasing the oil content in the experimental diet was not found to change the enzyme activity in either the rat liver or kidney (data not shown). Furthermore, dietary casein contains very small quantities of Damino acids (Man and Bada, 1987) (Nagata et al, 1987) . In addition, in mutant mice lactating D -AAOX, D -amino acids seem to be concentrated in many tissues, including the liver and kidney (Nagata et al, 1989; Nagata et al, 1994 (Ohno, 1985) . Although direct evidence is still lacking, D -AAOX is possibly involved in the renal reabsorption processes, as suggested by the fact that a lack of D -AAOX activity in mutant mice resulted in a marked aminoaciduria (Konno et al, 1988; Nagata et al, 1989) . During protein undernutrition, the preservation of both D -AAOX activity and nutrient reabsorption in kidney epithelial cells may markedly reduce the body energy expenditure of rats. In agreement with our previous studies (Brachet et al, 1991 in which rats fed a 25% sunflower seed oil containing diet exhibited a strong decrease in hepatic D -AAOX specific activity as compared to those fed equal amounts of hydrogenated coconut oil for the same 5 or 10 day period while kidney D -AAOX specific activity was unchanged under both experimental conditions, we conclude that nutritional manipulations affect the liver and kidney D -amino acid oxidases differently. These observations can probably be related to different physiological functions of the D -amino acid oxidases in the liver and kidney.
